
. r  

\ *  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

v - 
PROPOSED LETTER TO THE EDITOR N 65 - 8 3 7 6 8 

COMMENTS ON THE EVIDENCE PRESENTED BY R. L. WOLFE AND C. L. BAUER 

FOR X-RAY INDUCED DISLOCATION GENERATION I N  NaCl 

by C a r l  A. Stea rns  

Lewis  Resea rch  Center  
Cleveland, Ohio 

P r e p a r e d  for  

Journa l  of Applied Phys ic s  

May 20, 1964 

64- 37 



0 

I w 

COMMENTS ON THE EVlDEXCl3 PRESENTED BY R.  L. W0L;FE AND C.  L. BAUB? 
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Recently R.  L. Wolfe and C.  L. Bauer have reported experimental re- 

sults which they in te rpre t  as evidence of X-ray induced dis locat ion gen- 

e ra t ion  i n  NaCL. (l) The experiments consisted of subjecting one-half of 

a s ingle  c r y s t a l  specimen t o  X-rays while the other half  w a s  shielded 

by one cm of lead. A f t e r  i r r ad ia t ion  the  c rys t a l  w a s  cleaved and etched 

with a su i tab le  etchant t o  reveal dis locat ion etch p i t s .  

found t o  exhibi t  a band or bands of high etch p i t  density i n  the  protected 

The c rys t a l  w a s  

half  near the radiat ion interface.  The bands were a t t r ibu ted  t o  d is lo-  

cat ion generation induced by the expansion(293) of the X-ray i r rad ia ted  

port ion of the  c rys ta l .  

It w a s  of i n t e r e s t  t o  examine specimens i r rad ia ted  i n  the  preceding 

manner since it i s  known t h a t  the cleavage process alone can produce in-  

creases  i n  dis locat ion density i n  both uniform dis t r ibu t ions  and i n  

"zones . (4,5) Rapid cleavage crack propagation produces r e l a t ive ly  f e w  new 

dis locat ions but  slow and discontinuous cleavage crack propagation can 
- 

account f o r  la rge  numbers of 

shown(7) t h a t  the nucleation 

dependent;; when the veloci ty  

ga tes  i n  an unstable fashion 

new  dislocation^.(^'^^^' 
of dis locat ions by moving cracks i s  veloci ty  

i s  below some c r i t i c a l  value the crack propa- 

leaving dense arrays of dis locat ions behind 

Gilman, e t  al. have 

each time the crack slows down. Since the i r rad ia t ion  of only half  of the 
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crys ta l  produces s t r a i n  gradients due t o  the expansion of the i r rad ia ted  

half(2.’3) and because the i r rad ia t ion  r a i se s  the yield strength,  (8,9) it is 

reasonabie to expect tbai, i,iie c ies -q-~e  ci-ack 7-elocity b-cd& & a ~ g ~  ir, pass- 

ing  through the crystal .  Furthermore, the  la rges t  e f f ec t  would be expected 

i n  the portion of the c rys ta l  nearest the  X-ray source. 

I n  the present investigation, specimens were i r rad ia ted  as specified 

by Wobfe and Bauer.(’) Harshaw crystals ,  cleaved t o  2.0- by 0.5- by 0.5 ern 

i n  s i ze  were placed i n  a lead block so t h a t  one half w a s  shielded by one em 

of lead.  I r rad ia t ions  were made, f o r  times ranging from 20 t o  60 minutes, 

with a tungsten t a rge t  X-ray tube operated a t  1 0 7  kv and 5 m a .  

specimen distance w a s  10 cm. 

p i t s  w a s  Mendelson’s formulation(lO) (4 g of f e r r i c  chloride per l i t e r  of 

glacial ace t ic  acid) .  

Target t o  

The etchant used t o  produce dis locat ion etch 

After i r r ad ia t ion  some specimens were chemically polished, with two 

pa r t s  concentrated hydrochloric acid per one par t  water, t o  remove about 

2 mm of surface ( the  l eve l  a t  whichwolfe and Bauer made the etch p i t  ob- 

servations) . (l) When these specimens were etched and examined microscopi- 

cal ly ,  on faces perpendicular and para l le l  t o  the  incident X-ray beam d i -  

rect,ion, no evidence of high etch p i t  density bands w a s  detected and no 

var ia t ion  of e tch p i t  density, from i r rad ia ted  t o  protected c rys ta l ,  w a s  

found. Several other polishing depths were examined on other c rys ta l s  and 

the results were the same, i.e.,  no evidence of bands. 

Cleavage i n  the fashion of Wolfe and Bauer produced i n  most cases 

r e s u l t s  i n  accord with their  observations although some cleaved specimens 

were devoid of bands. The bands obtained on cleaved crys ta l s  were approxi- 
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mately pa ra l l e l  t o  [lo01 direct ions,  varied i n  width across the  crystals ,  

were d i f fuse  on the edge away from the cleavage i n i t i a t i o n  end, and were 

located i n  the  protected portion near iiie i'&iati.uii liitei.face. 

The matching cleavage halves of a c rys ta l  displayed matching bands. 

When the  matching cleavage halves were successively polished and etched, 

the density of e tch p i t s  i n  the bands w a s  found t o  decrease with each suc- 

cessive polishing i n  the same manner as i n  unirradiated cleaved specimens. 

Z'he etch p i t  density decreased i n  both direct ions instead of increasing i n  

the  d i rec t ion  of heavier i r r ad ia t ion  and decreasing i n  the direct ion of 

l e s se r  i r r ad ia t ion  as would be the case i f  Wolfe's and Bauer's interpre-  

t a t i o n  were correct.  

Indications of dis locat ion motion during i r r ad ia t ion  were sought by 

etching before and a f t e r  i r rad ia t ion .  No evidence i n  the form of f l a t  

bottomed p i t s  w a s  found. 

The results of these experiments Iead t o  the conclusion t h a t  the 

dis locat ion bands found i n  i r radiated c rys ta l s  do not w i s e  from i r r a d i -  

a t ion  per se, but ra ther  from the  e f f ec t  of i r r ad ia t ion  on the  mode of 

propagation of the cleavage crack. 
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